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® Personal verification apparatus. 

® When verification is performed using a plurality of fingers in accordance witii a positional relationsiiip of the 
joints of tiie fingers, an image of tfie plurality of fingers is separated into tfie images of ttie respective fingers, 
and comparison and collation are individually perfomned for tiie fingers. Phase data of each finger can be 
individually extracted, and a collation result of tiie fingers and phase shift data between the fingers based on 
phase data are generally determined. A guide member for guiding the placement of ttie fingers is mounted on a 
finger table to define positions at which the plurality of fingers are placed. 
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Personal verification apparatus 

The present invention relates to a persona) verification apparatus for performing personal verification 
using a human biometric feature such as a hand geometry or a fingerprint. 

When personal verification Is performed, an identification card which verifies the person htmseif or an 
identification number which is Imown by only the person himself Is used. When the Identification card Is 

5 used, however, the card may often be lost or stoleri. Therefore, it is difficult to assure the safety of the card. 
When the Identification number Is used, the number may often be forgotten or illegally used by a third 
person. For this reason. It Is difficult to verify the person himself safely and reliably. 

In order to solve the above problems, a collation method to verify the person himself using a personal 
human biometric feature has been developed. For example, a method utilizing a fingerprint disclosed in 

10 Published Unexamined Japanese Patent Application No. 59-2184, or a method utilizing a hand geometry 
Including data of. e.g., the length and width of the fingers disclosed in Published Unexamined Japanese 
Patent Application No. 61-122797 are known as the verification method using the human biometric feature. 

When the fingerprint is utilized, however, in order to collate a fingerprint read by a reader with a 
fingerprint registered in a memory in advance, complicated two-dimensional processing must be performed. 

15 When the hand geometry is utilized, data of the palm including the length and width of five fingers of a 
person must be read by a reader. For this reason, the reader having the same size as that of tiie palm is 
required, and the size of the reader is undesirably increased, in order to solve the above problem, a 
verification method to verify the person himself using the length between the joints of a finger has been 
considered. In this verification method, image data of a finger is read by a reader, and the read image data 

20 of the finger is converted into a binary signal by an A/D converter. The contour of the finger is obtained in 
accordance with the binary signal, and tiie positions of ttie joints can be obtained from tiiis contour. The 
iengtii between the obtained joint positions is collated witii the length between the joints stored in a memory 
in advance by a collator to verify the person himself. 

In the collation using only the length between joints, however, an amount of data reguired to perform 

25 collation is small. Therefore, it is difficult to improve the accuracy of the collation. In order to accurately 
detect the length between the joints, the position of the distal end of the finger must be accurately obtained. 
However, in order to accurately obtain tiie position of the distal end of the finger, a unit for detecting the 
distal end of the finger is required, and an arrangement of the entire apparatus becomes complicated. 

Note tiiat. in "FINGER COLLATION AND PATTERN IMAGE PROCESSING APPARATUS" (U.S. No. 

30 07/364.167) filed by the same applicant on June 12. 1989. the following method is disclosed. That is. in this 
method, image data of one finger is added in a direction perpendicular to the longitudinal direction of the 
tinger, feature data of the finger is generated, and the feature data is compared with feature data to be 
collated which is generated and stored in advance. 

It is an object of the present invention to provide a personal verification apparatus which can perform 

35 highly accurate collation without being adversely affected by a change in positional relationship of a plurality 
of fingers, thus improving verification reliability. 

It is another object of the present invention to provide a personal verification apparatus which can 
perform highly accurate collation without decreasing a personal detenmination ratio due to a phase shift by 
extracting and evaluating phase data between the fingers, thus improving verification reliability. 

40 It is still another object of the present invention to provide a personal verification apparatus which can 
easily compute accurate coordinate positions at high speed to separate the finger images, thus improving 
collation reliability. 

Acconjing to the first aspect of the present invention, there is provided a personal verification apparatus 
for performing personal verification using a plurality of fingers, comprising: feature data memory means for 

45 storing feature data to be collated of the fingers; input means for inputting image data of the plurality of 
fingers; separating means for separating the image data of the plurality of fingers using data obtained by 
adding a density of the image data of the plurality of fingers obtained from the input means in a longitudinal 
direction of the fingers; generating means for adding the density of the image data of the fingers separated 
by the separating means in a direction perpendicular to the longitudinal direction of the fingers to output the 

50 added data as feature data of the fingers; and collating means for individually comparing and collating the 
feature data ot>tained by the generating means with the feature data to be collated stored in the feature data 
memory means for the respective fingers to determine coincidence or noncoincidence. 

According to the second aspect of the present invention, there is provided a personal verification 
apparatus for performing personal verification using a plurality of fingers, comprising: input means for 
inputting image data of the plurality of fingers; separating means for separating the image data of the 
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plurality of fingers Input by the input means Into Image data for the respective fingers; feature data 
generating means for adding a density of the image data of the respective fingers separated by the 
separating means In a direction perpendicular to a longitudinal direction of the fingers to output data as 
feature data of each of the fingers; memory means for storing feature data to be collated corresponding to 

6 the feature data output from the feature data generating means; collating means for individually collating the 
feature data output from the feature data generating means with tiie feature data to be collated stored in the 
memory means for the respective fingers; phase shift detecting means for computing a phase coincidence 
position of the feature data and tiie feature data to be collated for tiie respective fingers in accordance witii 
a collation result obtained by the collating means to detect a phase shift between these data based on the 

10 phase coincidence position; and detenmining means tor determining personal verification in accordance with 
the collation result of the respective fingers obtained by the collating means and the phase shift data 
detected by the phase shift detecting means. 

According to the third aspect of the present invention, there is provided a personal verification 
apparatus for performing personal verification using a plurality of fingers, comprising: memory means for 

Ys storing feature data to be collated of the fingers; input means, having a finger table on which the fingers are 
placed and a guide member for guiding the placement of the fingers, tor inputting image data of the fingers; 
means for adding a density of the image data of the fingers input by the input means in a direction 
perpendicular to a longitudinal direction of tiie fingers to generate feature data; and collating means for 
collating the feature data generated by the generating means with the feature data to be collated stored in 

20 the memory means. 

When personal verification is performed using a plurality of fingers, the positional relationship of the 
joints of the fingers may often be shifted sllghtiy depending on how the fingers are placed, e.g., tiie 
inclination of the fingers. According to the present invention, when verification is performed in accordance 
with the positional relationship of tine joints of fingers using a plurality of fingers, the plurality of fingers are 
25 individually separated, and comparison and collation are individually performed for the respective fingers. 
Therefore, high-accuracy collation can be realized without being adversely affected by tiie change in 
positional relationship of the plurality of fingers. 

Since phase shift data of tiie fingers can be independentiy extracted firom the comparison resuft 
between the feature data of the fingers and the feature data to be collated, and the extracted data can be 
30 evaluated, a degradation in determination capability of the person himself/another person caused by a slight 
phase shift between the fingers upon an Input of a finger image can be prevented. 

When a plurality of fingers are placed on a finger table along a partition plate, any inclination of the 
fingers can be prevented. When a conBspondence between tiie position of tiie partition plate and the 
coordinate positions on the input image is established in advance, a finger image can be separated for the 
35 respective fingers without specific processing upon an input of the image. 

This Invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Rgs. 1 A through 2B are views for explaining problems in a separating operation; 
Rg. 3 is a block diagram showing a personal verification apparatus according to an embodiment of 
40 the present Invention; 

Rgs. 4A through 4D are views for explaining a case wherein personal verification is performed using 
two fingers in the embodiment shown in Rg. 3; 

Rg. 5 is a fiow chart for explaining registration in the embodiment shown in Rg. 3; 
Rg. 6 is a flow chart for explaining collation in tiie embodiment shown in Rg. 3; 
45 Rg. 7 is a flow chart for explaining collation in the second embodiment; 

Rg. 8 is a block diagram showing a personal veriflcation apparatus according to tfie third embodi- 
ment of the present invention: 

Rgs. 9A and 9B are views showing the positional relationship between a partition plate and a finger 
table in the tiiird embodiment shown In Rg. 8; 
50 Rgs. 10A and 10B are views for explaning a difference in position of the partition plate with respect 

to the finger table in the third embodiment shown In Rg. 8; and 

Rgs. 11A and 1 1B are views showing a relationship between an image of the partition plate and a 
sum signal in the y direction in the third embodiment sliown in Rg. 8. 

Rg. 3 is a blo5c diagram showing a personal verification apparatus according to tiie present invention. 
55 A finger table 1 1 consists of. e.g., a transparent prism. A person to be verified places, e.g.. two fingers 
Fa and Fb on tiie finger table 11 when finger image data is input When light is emitted from a light source 
12 disposed below the finger table 11 ttirough flie finger table 11, the image data of tiie fingers Fa and Fb 
placed on the finger table 11 is read by a camera 13 as a reflection optical Image. 
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The Image data of the fingers Fa and Fb Input to the camera 13 is converted Into an electrical signal. 
Thereafter, the electrical signal is A/D converted and digitized by an A/D converter 14. The digital finger 
image is temporarily stored in an image memory 16 by a controller 15. 

An IC card 17 stores feature data to be collated about arbitrary fingers (the fingers Fa and Fb In this 

5 embodiment) extracted fromr a finger image of the person to be verified in advance. For example, the 
feature data includes a sum signal obtained by adding a pixel density of the finger Image in a direction 
perpendicular to the longitudinal direction of the finger. The feature data Is written in (in a registration mode) 
or read out from (in a collation mode) the IC card 17 by an IC card reader/writer 18 controlled by the 
controller 15. The feature data of the person to be verified are registered in advance in a dictionary section 

JO 19 by the 10 card 17 and the reader/writer 18. A program memory 22 stores programs shown in the flow 
charts in Rgs. 5 to 7. 

The controller 15 executes the programs stored in the program memory 22. The feature data of the 
fingers Fa and Fb are obtained from the finger images stored In the Image memory 16, and the obtained 
feature data is compared (aligned) with the feature data to be collated con^esponding to the respective 

76 fingers registered in the dictionary section 19, thus verifying the person himself. The controller 15 separates 
the data about the fingers Fa and Fb using the data (sum signal in the x direction) obtained by adding the 
density of the finger image for the two fingers Fa and Fb in the longitudinal direction to individually perform 
the collation for the fingers Fa and Fb using the feature data. More specifically, the density of the input 
finger image for the plurality of (two) fingers is added in the longitudinal direction of the fingers, and the 

20 separating point (coordinate) of the fingers is obtained by a sum signal in the x direction obtained by the 
alx)ve addition, thus indh/iduaily separating the plurality of fingers at this position. The feature data is 
obtained for the respective fingers, and the collation is perfonmed using the feature data to be collated 
corresponding to the fingers. 

However, in order to separate the respective finger images by the al30ve described method, the 

25 following problems must be overcome. 

a. It is time-consuming to compute sum signal in the y direction and retrieval, retrieve the minimum 
value of the sum signals, and the lil<e. 

b. If the input image includes noise N as shown in Rg, 1 A, the obtained sum signal in the y direction 
has a minimum value having a poor reproducibility as shown in Rg. 1B. 

30 c. If the fingers are placed inclined to the y axis as shown in Rg. 2A, the sum signal in the y direction 

has no definite minimum value as shown in Rg. 2B. 

A host unit 20 controls, e.g.. the opening/closing of a door or an OIM/OFF state of an alarm buzzer in 
accordance with the collation result from the controller 15. A control target of the host unit 20 is different 
depending on a security system to which the personal verification apparatus of the present invention is 

35 applied. 

The processing in the controller 15 will be described hereinafter in detail with reference to Rgs. 4A 
through 4D. In Rgs. 4A through 4D, the forefinger and the middle finger of the right hand are used as the 
fingers Fa and Fb, respectively. Assume that this is determined by the will of the person to be verified 
himself, and only the person himself can know the processing contents in principle. 
40 In Rg. 4A. reference symbols fa and fb denote finger images. i.e., image patterns of the forefinger Fa 
and the middle finger Fb which are read by the camera 13, and digitized by the A/D converter 14. Assume 
that these finger images fa and fb are stored in an area of 512 pixels x 512 pixels at a resolution of. e.g., 10 
lines/mm. 

The separation of the forefinger Fa and the middle finger Fb will be described below. When the images 
45 of the two fingers Fa and Fb placed on the finger table 11 are fetched in the image memory 16, a finger 
image sum signal Xab Is obtained in a longitudinal direction x of the fingers, as shown In Rg. 4B. This sum 
signal Xab in the x direction normally includes a high-freguency component, and it is difficult to process this 
signal. Therefore," the signal is passed through. e.g., a low-pass filter to eliminate the hlgh-freguency 
component. 

50 A sum signal Yab in the y direction thus obtained has two maximum peaks corresponding to the 
forefinger Fa and the middle finger Fb. Therefore, when a minimum peak between the two maximum peaks 
is detected, a y coordinate (separating point) yt which separates the two fingers Fa and Fb can be obtained. 
The coordinate'yt can be obtained by computing a minimum value of the sum signal Xab In the x direction 
after tiie signal has passed through, e.g., the low-pass filter. 

55 On the other hand, when the feature data of the forehand finger Fa and the middle finger Fb are 
obtained, the density of eadi of the finger images fa and fb is added in a direction y perpendicular to the 
longitudinal direction of the finger in accordance with the obtained separating point yt, and the sum signals 
in the y direction can be obtained, respectivery. More specifically, of the pixels (512) in the x direction. 
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when a sum signal in the y direction in the range from 0 to the separating point yt is obtained, feature data 

Aa(y) of the forefinger FaTis generated, as shown in Rg. 4C. in addition, when a sum signal in the y 

direction in the range from the separating point yt to 511 is obtained, feature data Ab{y) of the middle finger 

Fb is generated, as shown in Rg. 4D. 
5 These feature data Aa(y) and Ab(y) respectively have mirUmum peaks (minimum values) at positions of 

the lateral wrinkles corresponding to the joint portions of the fingers, and these minimum peaks serve as 

parameters (individuality) to verify the person himself. 

An operation of the personal verification apparatus with the above anrangement will be described 

hereinafter. The operation of this apparatus is classified into "registration" and "collation". 
10 Rg. 5 is a flow chart for explaining "registration". Assume that, in a registration mode, the forefinger Fa 

and the middle finger Fb of the right hand of the person to be verified are placed on the finger table 11. 

Image data in accordance with a difference of contact/noncontact between the fingers Fa and Fb and the 

finger table 1 1 is converted into an electrical signal by the camera 13. The electrical signal is A/D converted 

to be digitized. Thereafter, the digital signal is temporarily stored in the Image memory 16 as the finger 
75 images Fa and Fb (step 31). . j. . 

In the controller 15. the pixel densities of the finger images fa and fb are added in the longitudinal 

direction x of the fingers. Therefore, as shown in Rg. 4B. the sum signal Xab In the x direction is generated 

(step 33)7 

The sum signal Xab in the x direction Is smoothed by a low-pass filter (not shown), and the separating 
20 point yt which separates the fingers Fa and Fb is computed in accordance with a y coordinate of the 
minimum value (step 35). 

When the separating point yt is obtained as described above, the density of each of the finger images 
fa and fb Is added in the direction y perpendicular to the longitudinal direction x of the fingers, in the 
controller 15. More specifically, sum sTgnals of pixel densities In the y direction for the finger Images fa and 
fb are generated in accordance with the separating point yt Therefore, the feature data Aa(y) for the 
forefinger Fa is generated (step 37). as shown In Rg. AC, and the feature data Ab(y) for the middle finger 
Fb is generated, as shown in Fig. 4D (step 39). 

The feature data as the sum signals in the y direction for the forefinger Fa and the middle finger Fb 
obtained in this manner are subjected to proper band-pass filter processing, and are converted into the data 
suitable for the succeeding collation. The resultant data are stored in the dictionary section 19 (step 41). 
More specifically, tiie above features are registered in ttie IC card 17 of the person to be verified through 
thereader/writerlSunderthecontrolof the controller 15. 

As described above, the registration is completed, and hence the feature data to be collated associated 
with the fingers Fa and Fb of the person to be verified are registered in tiie dictionary section 19. 

Rg. 6 is a flow chart for explaining "collation". In Rg. 6, tiie two feature data to be collated which are 
stored in the dictionary section 19 in advance are read out from the dictionary section 19 (step 43). 

Then, an input of the finger images (step 45) and generation of the feature date Aa(y) for the forefinger 
Fa and the feature date Ab(y) for the middle finger Fb in accordance witii the input finger images (steps 47. 
49, 51 , and 52) are achieved following the same operations as in the above-described registration. 
40 ' vJhen the feature date Aa(y) and Ab(y) serving as the sum signals in the y direction for the two fingers 
Fa and Fb are generated, the feature date to be collated read out from the dictionary section 19 are aligned 
with the feature date Aa(y) and Ab(y) generated in accordance with the finger Images in unite of 
con'esponding fingers, tiius performing collation (step 53). 

Assume that one of ttie two feature date read out from the dictionary section 19 is Aad(i). and one of 
45 the feature data generated In accordance with the finger images te and fb. e.g.. the feature date in 
accordance with tiie finger image fa is Aa(i). Assume that tiie number of elemente in each sum signal is 
"N" Altiiough "N" is. e.g.. 512 in this embodiment, various values can be set in accordance with 
applications. A sum result, obtained by adding a squared difference of the feature data Aadfi) and ttie date 
Aa(i + m) obteined by shifting the feature date Aa{i) by m (m is a distance in tiie x direction) In a given 
50 range, is Sa(m). This sum result Sa(m) Is defined as: 

Sa(m) » l/(N-ni)^i^CAa(i+m) - Aad(l)}2 



25 



30 



35 



55 



for m ^ 0, and 

Sa(m) = l/(N+m)^ 2 fAa(l+m) - Aad{i)}2 
iss— m+l 
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for m < 0. In this case, the sum result Sa(m) is a parameter representing a degree of coincidence between 
the feature data Aad(i) read out from tiie dictionary section 19 and the data Aa(l-»*m) obtained by shifting 
the feature data Aa(i) generated In accordance with the finger Image by m The smaller the sum result Sa(m) 
is, the higher the degree of coincidence. Therefore, m Is changed within a given range, and alignment can 

5 be performed at ma where the sum result Sd(m) at this time is minimum. In other words, the value of Sa- 
(ma) obtained when the sum result Sa(m) is minimum serves as a result of collation. 

The obtained collation result Sa(ma) Is used to determine whether the person to be verified Is the 
person himself (step 55). In this case, it is determined whether the person to be verified Is the person 
himself or another person in accordance with the relationship in magnitude of the collation result Sa(ma) 

10 and a threshold value TH serving as a reference of tiie determination which is experimentally obtained. 
More specifically. 
Sa(ma) ^ THa ... coinddence 
Sa(ma) > THa ... noncolncidence 

As the detennlnation result, if "noncolncidence" is determined, the other feature data Abd(i) read out 

15 from the dictionary section 19 is collated with the feature data Abfi) generated in accordance with the finger 
image fb following the same operations as the above operation (step 57). The obtained collation result is 
used to determine whether the person to be verified is the person himself in the same manner as in the 
above operation (step 59). IViore specifically, 
Sb(m) ^ THb ... coincidence 

20 Sb(m) > THb ... noncolncidence 

where Sb(m) is the collation result, and THb is a threshold value serving as a reference of the determination 
which is experimentally obtained. 

Note that two kinds of the threshold values THa and THb used in this embodiment may be equal to 
each other, or may be different from each other depending on the security. 

25 In accordance with the collation result obtained for the forefinger Fa and the middle finger Fb, it is 
finally determined whether the person to be verified is the person himself (steps 61 and 63). In this case, 
only when the person himself is determined for both the fingers Fa and Fb (step 61), the person to be 
verified is determined as the person himself. Unless the person himself is determined for both the fingers 
Fa and 1^ (step 63). the person to be verified is not determined as the person himself. However, when the 

30 security control is not so important, In order to improve passing efficiency and to achieve a smooth 
operation, the person to be verified may be determined as the person himself if the person himself is 
determined for only one finger. In addition, a determination function may be used to determine whether the 
person to be verified is the person himself or another person. 

As the determination result. If the person to be verified is determined as the person himself, a 

35 coincidence signal is output to the host unit 20. If it Is determined as another person, a noncolncidence 
signal Is output to tfie host unit 20 (step 65). Then, in the host unit 20. processing In response to one of 
these signals is perfonmed in accordance with the security system to which the apparatus of this invention 
is applied. For example, a door is opened in response to the coincidence signal, and an alarm buzzer is 
turned on in response to the noncoinddence signal. 

40 As described above, the fingers are separated from a plurality of finger images to perform independent 
collation of the respective fingers. For this reason, even if a positional relationship between the fingers is 
shifted in accordance with how the fingers are placed, high-accuracy collation can be performed, thus 
improving the reliability of verification. 

Fig. 7 is a flow chart for explaining an operation of the second embodiment of the present invention. In 

45 this embodiment, verification Is performed using both of feature data collation and phase collation. 

The principle of the phase collation is as follows. Assume that the degree of coincidence is maximum 
when the feature data of the forefinger read out from the dictionary section is shifted from the feature data 
generated in accordance with the finger image by m (m is a distance in the x direction). In this case, if the 
person to be verified is the person himself, thls^ust be applicable to the case of the middle finger. 

50 Therefore, upon the phase collation, when an attempt is made to collate the forefinger of the right hand with 
the middle finger of the left hand, a coincidence cannot be obtained for the middle finger although a 
coincidence can be obtained for the forefinger. Therefore, the person to be verified can be determined as 
another person. 

Note that the operations in steps 71 . 73, 75. and 77 in the flow chart in Rg. 7 are the same as those in 
55 the flow chart shown in Rg. 6. Therefore, a description of these operations will be omitted. 

Phase collation processing in step 79 will be described t>eiow. Assume that the value m is changed 
within a gh^en range, and m obtained when the value Sa(m) is minimum is referred to as a shift element Ma 
of tiie forefinger. Assume that the alignment can be performed at Ma, and a degree of coincidence Sa(M) of 
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a sum signal of the forefinger at this time is the collation result. The same operations are performed for the 
middle finger Fb to obtain a shift element Mb of the middle finger and a degree of coincidence Sb(M) of the 
sum signal. 

Then, the phase collation is perfomied. This collation is perfbnmed by calculating a degree of phase 
5 coincidence PD. The phase coincidence PD is defined as: 
PD = Mb " Ma 

If the phase relationship of the input finger images between the middle finger and the forefinger in the 

registration mode completely coincides with that in the collation mode, \he phase coincidence position of 

the finger in the registration mode coincides with that in the collation mode. Therefore. Mb = Ma. and the 
10 degree of the phase coincidence PD in the above equation Is set to be "0". Thus, the smaller the shift in 

phase is. the smaller the degree of tiie phase coincidence PD. Therefore, if the person to be verified is the 

person himself, the value PD is small. 

In step 81. it is determined whetiier the person to be verified is the person himself or another person by 

combining three parameters Sa(Ma). Sb(Mb), and PD. In order to perform tiie determination by combining 
15 the parameters, tiie well-known method using the following determination function may be employed: 

DF = a X Sa(Ma) + b x Sb(Mb) + c x PD 

where a. b, and c are constants. 

As""represented in the above equation, the three parameters are linearly coupled to calculate a new 

parameter DF, The constants a, b. and c in tiie above equation are selected using a statistical method so 
20 that tiie capability to detennine" whether the person to be verified is tiie person himself or another person is 

maximum. For example, a method using a maharanobis distance is disclosed as the statistical metiiod in 

the literature ("Multivariate Analysis". Okuno, et al.. Science and Technology Society of Japan, 1971, pp. 

259 -321). 

A tiireshold value TH is set in advance to determine whether the person to be verified is tiie person 

25 himself/another person. The person to be verified is determined as tiie person himself/another person 
depending on whether DF exceeds the threshold value TH. That is, 
DF ^ TH ... detemnine as the person himself 
DF > TH ... determine as another person 

The determination of tiie person himself/another person may often be respectively performed by the 

30 above three parameters, and the three results may be logically combined. More specifically, the determina- 
tion of the person himself/another person is performed for the parameter Sa(Ma). 
Sa(Ma) ;S THa ... determine as the person himself 
Sa(Ma) > THa ... determine as another person 

In the determination for tfie parameters Sb(Mb) and PD, tiireshold values THb and THp are respectively 

35 set in advance to determine tiie person to be verified as tiie person himself/another person as follows: 
Sb(Mb) ^ THb ... determine as the person himself 
Sb(Mb) > THb ... determine as another person 
PD S THp ... determine as the person himself 
PD > THp ... determine as another person 

40 The determination results for tiie parameters Sa(Ma), Sb(Mb), and PD are logically combined to finally 
determine the person to be verified as tiie person himself/anotiier person. For example. In a system which 
requires high safety, only when the person himself is determined in all of the parameters Sa(Ma). Sb(Mt>), 
and PD. the person to be verified is determined as the person himself, and the person to be verified is 
determined as anottier person in the other cases. Various combinations can be considered. 

45 After the above collation is completed, the determination result of the person himself/another person is 
sent to tfie host unit 20. In the host unit 20. processing in accordance with tiie determination result is 
performed. For example, when tiie person to be verified is determined as anotiier person, an alarm buzzer 
is turned on. These processing steps are different from each otiier depending on the security system to 
which the apparatus of the present invention is applied. 

50 Thus, although phase shift data between the fingers includes Individuality, tiie phase relationship may 
be shifted slightiy depending on how the fingers are placed. Due to this phase shift, tiie detenmination 
capability of the person himself/another person is degraded. For example, the person himself may often be 
detemiined as another person, or anotiier person may often be determined as the person himself. 
Therefore, in this invention, the phase shift data between the fingers can be independentiy extracted from 

55 the comparison result of the feature data of the fingers and tfie feature data to be collated, and tiie 
extracted data can be evaluated. Therefore, tiie degradation in determination capability of tiie person 
himself^anotfier person due to a change In slight shift between the fingers upon an input of tiie finger 
images can be prevented. 
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Fig. 8 is a block diagram showing the third embodiment of the present invention. As shown in Fig. 8. in 
this embodiment, when light from a light source 12 disposed below a finger table 11 is radiated through the 
finger table 11. image data of fingers Fa and Fb placed on the finger table 11 to sandwich a partition plate 
30 are read by a camera 13 as a reflection optical Image obtained by a difference of contact/noncontact 
5 between the finger table 11 and the fingers Fa and Fb. 

In a controller 15, the finger image stored In a Image memory 16 Is separated Into the Images of the 
fingers Fa and Fb in response to an output from a partition plate position detector 21. and feature data of 
the fingers Fa and Fb are obtained to output the data to a dictionary section 19, thereby registering the 
feature data to be collated. 

70 The partition plate position detector 21 reads the position of the partition plate 30 on the image, in this 
case, the partition plate 30 need not be moved If it is once fixed, In principle. Therefore, tiie detector 21 is 
arranged to establish a correspondence between the partition plate 30 and the coordinate positions on the 
position image when the partition plate 30 is fixed. 

As shown in Rgs. 9A, 9B, 10A, and 10B, the partition plate 30 Is mounted to be perpendicular to a 

75 surface on the finger table 11 which abuts against fingers, and to be parallel to the x axis on the image. 
Therefore, when the person to be verified places, e.g., the fingers Fa and Fb on the finger table 11. the 
fingers Fa and Fb sandwich tiie partition plate 30. Therefore, botii the fingers Fa and Fb can be placed to 
be substantially parallel to each other along the partition plate 30. 

The partition plate 30 can be vertically movable. As shown in Rg. 10A, the partition plate 30 is normally 

20 mounted and fixed at a position spaced apart from the surface of the finger table 1 1 which abuts against the 
fingers by a very small distance a. That is, the partition plate 30 is mounted not to be in contact with the 
surface of the finger table 11. For this reason, the image of the partition plate 30 does not appear on an 
Input image when the finger Image is Input Therefore, only the finger image can be stably detected without 
degrading its quality. 

25 in addition, a silicone rubber 30a is mounted at a lowermost portion, e.g.. both edge portions, of the 
partition plate 30. The silicone rubber 30a allows a tight contact between the partition plate 30 and tiie 
finger table 11 when the position of the partition plate 30 Is fetched as a coordinate position on tiie image 
by the partition plate position detector 21. The partition plate 30 need not be moved if It is once fixed, in 
principle. Therefore, prior to fixing the partition plate 30 at a position spaced apart from the finger table 1 1 

30 by the very small distance a, a correspondence between the position of the partition plate 30 and the 
coordinate positions on the irnage can be established, in this case, as shown in Rg. 10B, the height of the 
partition plate 30 is adjusted to cause the partition plate 30 to be brought into contact with the finger table 
11. As a result, the silicone rubber 30a mounted at the edges of tiie partition plate 30 prevents total 
reflection of light at this portion, thus scattering light. As a result, as shown in Rg. 1 1 A, the partition plate 30 

35 can be detected as an Image by the position detector 21. 

When the image of the partition plate 30 is detected, a sum signal in the y direction of the detected 
image of the partition plate 30 is obtained. As shown in Rg. 118. in the sum signal in tfie x direction, a 
maximum peak appears at a y coordinate corresponding to the position of the partition plate 30. When the y 
coordinate yt at which the maximum peak appears is computed, tiie position to separate tiie finger ihfiage 

40 into the Images of the fingers Fa and Fb can be obtained. 

When tiie separating position (y coordinate yt) is computed, tiie partition plate 30 is fixed at a position 
spaced apart from the finger table Tl by the very small distance a, thereby setting a normal state In which 
personal verification can be performed. 

Thus, when a plurality of fingers are placed on a finger table along a partition plate, any inclination of 

45 the fingers can be prevented. In addition, when a correspondence t>etween the position of the partition plate 
and the coordinate positions on the Input image Is established in advance, a finger Image can be separated 
Into the images of the respective fingers without specific processing upon an input of the Image. 



50 Claims 

1. A personal verification apparatus for perfonming personal verification using a plurality of fingers, 
comprising: Input means (11. 12, 13, 14) for inputting Image data of the plurality of fingers: generating 
means (15. 16) for adding a density of the image data of the fingers input by said input means in a direction 
55 perpendicular to a longitudinal direction of the fingers to generate feature data; means for storing feature 
data to be collated; and collating means (15. 16, 19) for collating the feature data generated by said 
generating means with the feature data to t>e collated, characterized in that 

separating means (15. 22) for separating the Image data of the plurality of fingers using data obtained by 
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adding a density of the image data of the plurality of fingers input by said input means in the longitudinal 
direction of the fingers is provided; 

said generating means generates the feature data with respect to the image data of the fingers separated 
by said separating means; and 
5 said collating means collates the feature data generated by said generating means with the feature data to 
be collated stored in said memory means in units of the corresponding fingers. 

2. An apparatus according to claim 1, characterized by further comprising phase shift detecting means 
(15. 22. Fig. 7) for computing a phase coincidence position of the feature data and the feature data to be 
collated for the respective fingers in accordance with a collation result obtained by said collating means to 

10 detect a phase shift between these data on the basis of the phase coincidence position, thus determining 
personal verification in accordance with the collation result of the fingers obtained by said collating means 
and the phase shift data detected by said phase shift detecting means. 

3. An apparatus according to claim 1 or 2. characterized in that said input means includes a finger table 
(11) on which the plurality of fingers are placed and a guide member (30) for guiding the placement of the 

16 fingers. ^ , . ^ * 4u 

4. An apparatus according to any one of claims 1 to 3. characterized In that the number and kind of tne 
plurality of fingers are known to only a person to be verified. 

5. An apparatus according to any one of claims 1 to 4, characterized in that said separating means 
separates the Image data con-esponding to the plurality of fingers at a minimum value position of a sum 

20 signal obt^ned by adding a density of the image data in the longitudinal direction of the fingers. 

6. An apparatus according to dalm 3. characterized in that said guide member comprises a partition 
plate, and said apparatus further comprises means (21) for causing a position of said partition plate to 
correspond to a position on an input image. 

7. An apparatus according to claim 1 , characterized in that said generating means generates tiie feature 
25 data with respect to the image data of each of the fingers. 
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